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Abstract 
Gait is a relevant and complex aspect of motor functioning. Disturbances are related to negative health 
outcomes. Gait characteristics of 31 adults with intellectual disabilities (ID) without Down syndrome (DS) 
(42.77±16.70 years) were investigated, and associations with age, sex, body mass index (BMI), and level 
of ID were assessed. Sex and BMI were significantly associated to some of the gait parameters, while 
age and level of ID were not. Gait characteristics of adults with ID seem to be comparable to those of the 
general older population who are on average 20 years older, except that adults with ID seem to spend 
less time in stance and double support phase and walk more variable and with a broader base of support.  
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Introduction 
Gait is a highly relevant and complex aspect of motor functioning. It is not merely a simple motor 
activity, but it is an integrated cognitive and motor task (Hausdorff, Yogev, Springer, Simon, & Giladi, 
2005; Jahn, Zwergal, & Schniepp, 2010) which relies on a constant interaction between the central and 
peripheral nervous system and the musculoskeletal system (Jahn et al., 2010). The gait pattern is the 
result of an optimization of propulsion, stability, shock absorption, and energy conservation (Perry, 1992), 
and disturbances in gait can lead to pain, instability, and an increased energy expenditure. Gait 
disturbances have been found to be common with advancing age and to predict future disability, falls, 
cognitive impairment, institutionalization, and mortality in the general population (Abellan van Kan et al., 
2009; Verghese et al., 2006; Verghese, Wang, Lipton, Holtzer, & Xue, 2007). 
 Because gait can be considered a complex cognitive task, and motor and cognitive functioning 
are fundamentally interrelated (Diamond, 2000), it is not surprising that gait disturbances are often seen 
in people with intellectual disabilities (ID) (Almuhtaseb, Oppewal, & Hilgenkamp, 2014). An intellectual 
disability is characterized by significant limitations in both intellectual functioning (intelligence quotient [IQ] 
< 70) and adaptive behavior (American Association on Intellectual and Developmental Disabilities, 2016). 
In this population, motor development is also often delayed (Enkelaar, Smulders, van Schrojenstein 
Lantman-de Valk, Geurts, & Weerdesteyn, 2012; Hartman, Houwen, Scherder, & Visscher, 2010; Pereira, 
Basso, Lindquist, da Silva, & Tudella, 2013; Rintala & Loovis, 2013), and a lower IQ has been found to be 
associated with poorer motor performance (Smits-Engelsman & Hill, 2012; Westendorp, Houwen, 
Hartman, & Visscher, 2011). 
Besides the cognitive impairment, people with ID also have a higher risk for gait disturbances due 
to other factors that are highly prevalent in this population. First, people with ID often have low physical 
activity (Hilgenkamp, Reis, van Wijck, & Evenhuis, 2012; Peterson, Janz, & Lowe, 2008; Temple, Frey, & 
Stanish, 2006) and fitness levels (Hilgenkamp, van Wijck, & Evenhuis, 2012; Oppewal, Hilgenkamp, van 
Wijck, & Evenhuis, 2013). This can result in gait disorders because adequate fitness levels are needed 
for a proper gait. For example, cardiorespiratory fitness is important to keep walking for a certain amount 
of time (Rubino, 2002), and an adequate balance, strength, muscular endurance, and reaction time is 
necessary to keep an upright posture, bear bodyweight, and propel oneself forward while determining 
one’s position in space (Cantor, 1999; Rubino, 2002). These are all necessary aspects for a proper gait. 
Second, obesity is highly prevalent in adults with ID (Bhaumik, Watson, Thorp, Tyrer, & McGrother, 2008; 
de Winter, Bastiaanse, Hilgenkamp, Evenhuis, & Echteld, 2012), which influences gait (Wearing, Hennig, 
Byrne, Steele, & Hills, 2006). Obese adults show slower preferred walking speed and spend more time in 
stance and double support phase of the gait cycle which may help in maintaining balance (Wearing et al., 
2006). Third, certain medications, such as antidepressants, antipsychotics, benzodiazepines, Parkinson 
medication, and antiarrhythmic drugs are known to negatively influence gait (Jahn et al., 2010; Rubino, 
2002). The high medication use of people with ID, especially antipsychotics (de Kuijper et al., 2010) and 
frequent prevalence of polypharmacy (Evenhuis, 2014), may negatively influence their gait. Finally, 
neurological disturbances related to the etiology of the intellectual disability, such as spasticity and 
muscle hypotonia, can also result in impaired gait. This higher risk for gait impairments of people with ID 
may put them at increasing risk for the negative health outcomes mentioned previously. Therefore it is 
important to examine gait characteristics of people with ID to have a better understanding of the 
movement control and possible gait impairments seen in this population. 
 Most of the research regarding gait in people with ID has focused on people with Down syndrome 
(DS). These studies found that people with DS have lower values for gait cycle time, percent of swing in 
the gait cycle, step length, stride length, gait speed, and cadence than the general population, and higher 
values for step width, stride width, base of support, double support time, stance time, percent of stance 
and double support in the gait cycle, and show greater variability in their gait pattern than the general 
population (Almuhtaseb et al., 2014). These disturbances indicate that people with DS adapt their gait to 
compensate for a higher instability during walking, which can partly be explained by physical 
characteristics that accompany this genetic syndrome, such as ligament laxity and muscle hypotonia 
(Galli, Rigoldi, Brunner, Virji-Babul, & Giorgio, 2008; Rigoldi et al., 2012; Rigoldi, Galli, Mainardi, Crivellini, 
& Albertini, 2011). 
 These results from studies with people with DS are not generalizable to people with ID by other 
causes than DS, because of the specific physical characteristics related to this genetic syndrome. Only a 
few studies regarding gait in people with ID by other causes than DS have been performed. Chiba et al. 
(2009) and Haynes & Lockhart (2012) found that adults with ID had lower values for gait speed and step 
length than the general population (Chiba et al., 2009; Haynes & Lockhart, 2012). Salb et al. (2015) also 
found lower values for gait speed, step length and cadence in adults with ID compared to reference 
values of the general population (Salb et al., 2015). However, Sparrow et al. (1998) found higher values 
for gait speed and cadence, and lower values for stride length and duration in adults with ID in 
comparison to the general population. These studies give some indications of the gait characteristics of 
people with ID without DS, however results are not completely consistent across studies and only few gait 
parameters were assessed.  
Therefore, the aim of this study was to investigate the gait characteristics of adults with ID from 
other causes than DS. Our secondary aim was to assess if the personal characteristics age, sex, BMI, 
and level of ID were associated with these gait characteristics, because in the general population an age-
related decline in gait is seen (Alexander, 1996; Verghese et al., 2006), sex differences are seen in 
certain gait characteristics (Bruening, Frimenko, Goodyear, Bowden, & Fullenkamp, 2015; Hollman, 
McDade, & Petersen, 2011), obesity is associated with altered gait characteristics (Wearing et al., 2006), 
and cognition is considered an important aspect of gait (Hausdorff et al., 2005; Jahn et al., 2010). We 
hypothesize that there is a great variability in the gait pattern of adults with ID and that gait parameters 
are associated with the personal characteristics age, sex, BMI, and level of ID. However, these 
associations may be less strong than in the general population because of possible other causes 
underlying the often lifelong gait abnormalities. 
 
Methods 
 
Study design and participants 
This was a cross-sectional study executed in a consort of three ID care organizations in the 
Netherlands and the chair for Intellectual Disability Medicine of the Erasmus MC, University Medical 
Center Rotterdam. Participants were recruited from these three ID care organizations, resulting in 31 
participants. All clients aged 20 years and over, with a mild (IQ = 50 – 69) or moderate (IQ = 35 – 49) ID, 
and the ability to walk without a walking aid were eligible to participate, except those with a diagnosis of 
DS, Parkinson’s disease, cerebrovascular accident, dementia, Cerebral palsy, and a severe visual 
impairment (vision <0.3). Individuals with these diagnoses were excluded because we wanted to gain 
insight into the gait characteristics of adults with ID, without the influence of these specific neurological 
diagnoses. Adults with a severe visual impairment were excluded because of possible difficulties with and 
associated anxiety while performing the measurements. Behavioral therapists and medical doctors of the 
participating care organizations selected participants based on these inclusion and exclusion criteria. 
Data collection took place between December 2014 and July 2015.  
The Medical Ethical Committee of the Erasmus MC, University Medical Center Rotterdam 
approved this study (MEC-2014-201). All participants or their legal representatives provided informed 
consent. This study was conducted according to the guidelines of the declaration of Helsinki (World 
Medical Association, 2013). 
 
Measurements 
Personal characteristics 
Age, sex, and level of ID were retrieved from the behavioral therapists and medical doctors who 
selected the participants for the study. Level of ID was categorized as mild (IQ = 50 – 69) or moderate (IQ 
= 35 – 49) based on the International Classification of Diseases (ICD-10) criteria (WHO, 1996). 
Height, weight, and leg length were measured during the data collection. Height was measured 
with a stadiometer with the participant wearing no shoes. Weight was measured with a digital floor scale 
with the participant wearing no shoes and light clothes. Body Mass Index (BMI) was calculated and 
categorized into normal (< 25 kg/m2), overweight (25 – 30 kg/m2) and obese (≥ 30 kg/m2) (WHO, 1995). 
Leg length was measured from the greater trochanter to the floor, bisecting the lateral malleolus, with the 
participant wearing shoes. 
 
To describe the study population in detail we also retrieved the following medical information and 
functional measures: 
Medical information 
The following medical information was retrieved from the medical files: presence of osteoarthritis, 
visual impairment, spasticity of the arms and/or legs, and the use of orthopedic shoes, antidepressants, 
antipsychotics, antiepileptics, benzodiazepines and polypharmacy (defined as using 5 or more 
medications).  
 
Functional assessment 
 Short Physical Peformance Battery 
The Short Physical Performance Battery is a strong predictor for institutionalization, disability, and 
mortality (Guralnik et al., 2000; Guralnik, Ferrucci, Simonsick, Salive, & Wallace, 1995; Guralnik et al., 
1994). The test battery is widely used in the general population and consists of a measure of gait speed, 
three balance stances (side by side, semi-tandem stance, tandem stance), and the 5 times chair stand. A 
total score is calculated for these tests with a range from 0 to 12 points, with 12 points being the best 
performance.  
 Falls 
Falls were registered for three months using monthly fall registration calendars. Participants put a sticker 
on their calendar each day; a green sticker if they did not experience a fall that day, and a red sticker if 
they did experienced a fall. If the participant was not able to do this himself, they were assisted by their 
professional caregiver. At the end of the week, their professional caregivers checked the calendars and 
checked of the week with a smiley face sticker. We collected the fall calendars every month. 
 
Gait measurements 
Gait was assessed with the GAITRite Electronic Walkway (CIR Systems, Inc., USA; 5.79m with 
4.88m active area, 120Hz scan rate), a roll-up carpet with pressure sensor pads that are activated by the 
pressure of footfalls. The GAITRite is able to reliably and validly measure temporal and spatial gait 
parameters (Bilney, Morris, & Webster, 2003; Kressig, Beauchet, & European GAITRite Network Group, 
2006; Menz, Latt, Tiedemann, Mun San Kwan, & Lord, 2004; van Uden & Besser, 2004). Test-retest 
reliability has also been established in people with DS (Gretz et al., 1998) and elderly with a mild 
cognitive impairment (Montero-Odasso et al., 2009). The parameters that were measured are described 
in table 1. The parameters included mean spatial and temporal parameters over multiple steps, and the 
variability over these steps measured as the standard deviations. 
 [Table 1] 
 
Procedure 
Data were collected at locations close and/or familiar to the participants; in a large room or a gym 
at the care organizations. To assure safety during testing, the Revised Physical Activity Readiness 
Questionnaire (rPAR-Q) was administered prior to participation (Cardinal, Esters, & Cardinal, 1996; 
Thomas, Reading, & Shephard, 1992). Professional caregivers answered the questions, if any of the 
questions were answered with ‘yes’ or ‘unknown’, the medical physician was contacted to determine 
whether the participant could safely perform the measurements. 
  Measurements were performed by a human movement scientist and physiotherapists with 
experience with people with ID. All gait measurements were performed by the same test instructor. 
The GAITRite was placed in the test location with two meter in front of and at the end of it to avoid 
acceleration and deceleration on the GAITRite, according to the guidelines (Kressig et al., 2006). 
Participants were instructed to walk at their own comfortable walking speed. Four walks were performed, 
of which the first walk was considered a practice walk. Participants walked with shoes. After the gait 
measurements, the height, weight, leg length and functional measurements were performed.  
 
Statistical analyses 
Personal characteristics, medical information and gait parameters were described for the total group. 
For analyses of the gait parameters, the practice walk was excluded and the remaining three walks were 
used. The mean of both legs across the three walks were taken for all the parameters.  
For further analyses normality of the gait parameters was checked and considered sufficient. To 
assess if the personal characteristics were related to the gait parameters, all gait parameters were 
adjusted for leg length by dividing the gait parameters by the mean leg length of the participants. 
Independent t tests were used to assess differences in gait parameters between females and males and 
between adults with mild and with moderate ID. Effect sizes were calculated for each comparison with 
Cohen’s d (Cohen, 1992). Effect size values of 0.2, 0.5, and 0.8 were considered as benchmarks for 
small, medium, and large effect sizes, respectively. The influence of age and BMI on the gait parameters 
were assessed with the Pearson’s correlation coefficient (r), which also is a measure of the size of effect. 
R values of 0.1, 0.3, and 0.5 were considered as benchmarks for small, medium, and large effect sizes, 
respectively (Cohen, 1992). Bonferroni correction was used to correct for multiple testing. P-values 
smaller than 0.002 (0.05/27 gait parameters) were considered statistically significant. Because of the 
known association between sex and BMI, multiple linear regression analyses were performed for those 
gait parameters associated with both sex and BMI (p < 0.05) to assess the independent association of 
sex and BMI with these gait parameters. 
Analyses were performed with the Statistical Package for Social Sciences (SPSS) version 21 (IBM 
Corporation, New York). 
 
Results 
 
Personal characteristics and medical information 
The personal characteristics and medical information of the study sample are described in table 
2. The mean age of the sample was 42.77 ± 16.7 (range 20 – 68), and 77.4% was male. Almost half of 
the study sample had a mild ID (48.4%). 
 
[Table 2] 
 
Gait parameters 
  After combining the three walks while walking at comfortable speed, an average of 18.71 steps ± 
4.46 was available per participant, with a range of 12 to 33 steps. The mean gait parameters of these 
walks are presented in table 3.  
Associations with sex 
  Females had a significantly higher standard deviation of step time than males (females 0.03 ± 
0.01, range 0.03 – 0.04 vs males 0.02 ± 0.01, range 0.01 – 0.04; t(29) = -3.55, p = 0.001, d = 2.04). The 
other gait parameters did not differ significantly between females and males, after correction for multiple 
testing (p < 0.002). However, when looking at the large effect sizes (table 4) we see that females had a 
higher double support time (females 0.23 ± 0.06, range 0.13 – 0.33 vs males 0.20 ± 0.06, range 0.07 – 
0.35; t(29) = -1.80, p = 0.082, d = 0.81), and stance time (females 59.81 ± 2.07, range 56.05 – 62.05 vs 
males 58.73 ± 1.94, range 53.60 – 62.90; t(29) = -3.25, p = 0.003, d = 1.40) and double support time 
(females 20.08 ± 4.27, range 12.0 – 24.70 vs males 17.49 ± 3.92, range 6.70 – 26.20; t(29) = -2.27, p = 
0.031, d = 0.98) as a percentage of the gait cycle time, and had higher standard deviations of stride time 
(females 0.05 ± 0.01, range 0.03 – 0.07 vs males 0.03 ± 0.01, range 0.01 – 0.06; t(29) = -2.65, p = 0.013, 
d = 1.18), swing time (females 0.03 ± 0.01, range 0.02 – 0.04 vs males 0.02 ± 0.01, range 0.01 – 0.05; 
t(29) = -2.47, p = 0.019, d = 1.04) and single support time (females 0.03 ± 0.01, range 0.02 – 0.04 vs 
males 0.02 ± 0.01, range 0.01 – 0.05; t(29) = -2.47, p = 0.019, d = 1.04) than males. Medium effect sizes 
were found for step length, stride length, cadence, step time, stride (cycle) time, stance time, single 
support time, single support as a percentage of the gait cycle time and standard deviation of double 
support time. 
Associations with level of ID   
  No significant differences were found in gait parameters between adults with mild ID and 
moderate ID, and a medium effect size was only seen for step length and the standard deviation for base 
of support. The rest of the effect sizes were small (table 4).  
 
Associations with age  
  None of the correlations between age and the gait parameters were significant, and all of the 
effect sizes were small (table 4). 
Associations with BMI 
 A higher BMI was significantly correlated with higher double support time (r = 0.67, p < 0.001) and 
higher double support time as a percentage of the gait cycle time (r = 0.730, p < 0.001). A medium 
positive effect size was seen for the associations between BMI and stance time, stance as a percentage 
of the gait cycle time, and standard deviation of double support time. 
Multiple linear regression analyses 
 Both sex and BMI were associated with stance (p < 0.05) and double support time  (sex p < 0.05; 
BMI p < 0.002) as a percentage of the gait cycle time. The multiple regression analyses with both sex and 
BMI in the model showed that BMI did not remain significantly associated with stance time as a 
percentage of the gait cycle time, and sex did not remain significantly associated with double support time 
as a percentage of the gait cycle time. 
[Table 3] 
[Table 4] 
 
Discussion 
This study describes a large number of gait characteristics for adults with intellectual disabilities 
(ID) by other causes than Down syndrome (DS). In addition, we assessed if the personal characteristics 
age, sex, BMI, and level of ID were associated with the gait characteristics. The only associations that 
reached significance were those between sex and the standard deviation of step time, which was higher 
for females, and a higher BMI with higher double support time and higher double support time as a 
percentage of the gait cycle time. 
  When comparing the gait characteristics found in this study to the few (step length, stride length, 
velocity and cadence) studied in previous studies regarding adults with ID without DS, we see that step 
length (Chiba et al., 2009; Haynes & Lockhart, 2012), stride length (Salb et al., 2015), velocity (Chiba et 
al., 2009; Haynes & Lockhart, 2012; Salb et al., 2015), and cadence (Salb et al., 2015) of our sample was 
higher than in these other studies. The study samples of these studies differed from ours, which may 
explain some of the differences. The studies of Haynes & Lockhart (2012) and Chiba et al. (2009) 
included mostly adults with severe and profound ID, and the study sample of Salb et al. (2015) was on 
average older (59.59 SD 16.71 years) than our sample. However, because these studies only measured 
a few gait variables and we were therefore only able to compare only these few gait variables, and study 
samples were rather small, it is too early to draw firm conclusions. 
  Most of the studies on gait in people with ID studied people with DS. Comparing our results to 
those found in adults with DS, with a comparable mean age of the study sample, we found a higher stride 
length (Smith, Ashton-Miller, & Ulrich, 2010; Smith & Ulrich, 2008), velocity (Smith & Ulrich, 2008), step 
time (Gretz et al., 1998), stride (cycle) time (Gretz et al., 1998), and single support time as a percentage 
of the gait cycle (Gretz et al., 1998), and smaller base of support (Gretz et al., 1998; Smith et al., 2010; 
Smith & Ulrich, 2008), and lower stance time (Smith et al., 2010; Smith & Ulrich, 2008) and double 
support time (Gretz et al., 1998; Smith & Ulrich, 2008) as a percentage of the gait cycle. Overall, it seems 
that adults with ID walk with a higher velocity and take bigger strides in less time, with a smaller base of 
support and less time spent in the stance and double support phase during the gait cycle than adults with 
DS, which represents a better gait pattern. 
Looking at other genetic syndromes, two studies looked at gait in people with Prader-Willi syndrome 
(Cimolin et al., 2010; Vismara et al., 2007). In comparison to these studies, we found a higher velocity 
and single support time as a percentage of the gait cycle, and a lower cadence and stance time as a 
percentage of the gait cycle. Two other studies looked at gait in people with Williams syndrome (Hocking, 
McGinley, Moss, Bradshaw, & Rinehart, 2010; Hocking, Rinehart, McGinley, & Bradshaw, 2009). In 
comparison to these studies we found a higher stride length, and lower cadence, and double support time 
as a percentage of the gait cycle. Our base of support and velocity was somewhat lower or comparable to 
the values found in these studies.  
  In a large study in the general population including 1500 community-dwelling adults with a mean 
age of 68.8 ± 10.1 the same gait parameters were measured as we did, except for toe in/ toe out and 
stride velocity (Verlinden et al., 2013). Comparing our results to this study, the gait parameters of adults 
with ID looked rather similar to those of this general older population, except for the following variables. 
Adults with ID showed a higher base of support, swing time, single support time, swing time and single 
support time as a percentage of the gait cycle, and standard deviations of stride length and stride velocity, 
and lower double support time, and stance time and double support time as a percentage of the gait 
cycle. The gait characteristics of adults with ID seem to be rather similar to those of the general older 
population who are on average 20 years older, except that adults with ID seem to spend less time in the 
stance and double support phase of the gait cycle and walk more variable with a broader base of support. 
  The higher standard deviations observed in our study, when comparing these to those seen in the 
general older population, represent a higher variability in the gait pattern of adults with ID. This higher 
variability has also been found in studies regarding people with DS (Black, Smith, Wu, & Ulrich, 2007; 
Buzzi & Ulrich, 2004; Smith, Stergiou, & Ulrich, 2011). In healthy adults, stride-to-stride variability is 
relatively small. Impairments in the gait regulating systems may lead to increased stride-to-stride 
variability, for example with neurodegenerative diseases such as Parkinson’s and Alzheimer’s disease 
(Hausdorff, 2005). Gait variability measures have an important clinical aspect, because they predict future 
falls and mobility related disability (Brach, Studenski, Perera, VanSwearingen, & Newman, 2007; 
Hausdorff, 2005; Hausdorff, Rios, & Edelberg, 2001). However, the higher gait variability of people with ID 
may also be beneficial. Studies regarding people with DS, suggested that this higher variability may 
represent a compensation strategy to compensate for their limitations (such as joint laxity and hypotonia) 
by using this variability to adapt their gait as optimal as possible during walking (Black et al., 2007; Smith 
et al., 2011). Future studies should explore the clinical consequences of this higher gait variability in 
people with ID. 
 In the general population, an age-related decline is seen in gait (Alexander, 1996; Verghese et 
al., 2006). However, age was not associated to gait characteristics in our study. This may be because our 
study sample might be too young to find a real association with age, because in the general population a 
decline in gait becomes more evident after the age of 60 years (Alexander, 1996; Jahn et al., 2010). It 
may also be that gait characteristics of people with ID are more related to their lifelong cognitive 
impairment which may influence their motor development since childhood. Resulting in gait abnormalities 
at a younger age, which may therefore be less dependent on an age-related decline. This is supported by 
the finding that the gait characteristics of our study sample looked already rather similar to those of older 
adults in the general older population of 20 years older. 
 However, the level of ID was not associated to the gait characteristics, although a medium effect 
size was found for step length and the standard deviation of base of support. Cognition is considered an 
important aspect of gait, and functional imaging studies have revealed the subcortical and cortical areas 
that are involved in the control of gait (Hausdorff et al., 2005; Jahn et al., 2010; Rosano et al., 2008). 
Especially executive functions have been found to be related to gait impairments (Alexander & Hausdorff, 
2008). The categories mild and moderate ID (based on IQ) may therefore have been too broad to find an 
association with the gait parameters. Walking while dual tasking is often used to assess the influence of 
cognition on gait, and this may be a more sensitive way to assess the effect of cognition on gait in adults 
with ID. Our study group will address this in a following study.  
  Sex was associated with some gait characteristics. Looking at the large effect sizes, females 
spent more time in the stance and double support phase of the gait cycle and had higher standard 
deviations, representing more variability in their gait parameters. However, only the difference in standard 
deviation of step time remained significant after correction for multiple testing. When controlling for BMI, 
the association between sex and stance time as a percentage of the gait cycle time still remained < 0.05, 
but the association with double support time as a percentage of the gait cycle time did not. Even though 
most of the associations did not remain significant after correcting for multiple testing, finding large effect 
sizes regarding the differences between females and males with only 7 females in the study is 
remarkable. But with only 7 females it remains difficult to generalize these findings and draw firm 
conclusions. 
 A higher BMI was significantly associated with higher double support time, both absolute and as a 
percentage of the gait cycle time. This was also seen in a medium effect size  for a higher stance time 
(both absolute and as a percentage of the gait cycle time) with higher BMI (although non-significant after 
correcting for multiple testing). When correcting for sex, BMI was still significantly associated with double 
support time as a percentage of the gait cycle time. These results are comparable to those found in the 
general population, where adults with obesity showed to spent more time in the stance and double 
support phase of the gait cycle (Wearing et al., 2006). In the general population obesity was also found to 
result in a slower walking speed, reduced step length and step frequency, and a greater step width 
(Wearing et al., 2006), which was not found in our study. These changes in gait with obesity are thought 
to help in maintaining balance (Wearing et al., 2006). Implications of impaired gait can be a higher 
energetic cost. Impaired gait has been found to be related to higher energy expenditure during walking in 
people with ID (Ohwada, Nakayama, Suzuki, Yokoyama, & Ishimaru, 2005) (Lante, Reece, & Walkley, 
2010) and DS (Agiovlasitis, McCubbin, Yun, Pavol, & Widrick, 2009; Agiovlasitis et al., 2011). This higher 
energetic cost may be the result of excessive body movements and disturbed gait kinematics 
(Agiovlasitis, McCubbin, Yun, Widrick, & Pavol, 2015; Ohwada et al., 2005). Agiovlasitis et al. (2015) 
found that differences in gait characteristics between adults with DS and adults of the general population 
accounted for 73.9% of the variance in net metabolic rate between the groups. Because the gait 
characteristics of our sample seem rather comparable to those found in a population of the general 
population aged 20 years older, and an increased energy cost during walking is seen with age-related 
gait changes (VanSwearingen & Studenski, 2014), this may suggest a higher energy cost of walking in 
adults with ID. This higher energy expenditure may cause people with ID to avoid activities, and thereby 
may contribute to the low physical activity levels seen in this population (Hilgenkamp, Reis, et al., 2012; 
Peterson et al., 2008; Temple et al., 2006), which in turn negatively influences their health. This has not 
yet been investigated in people with ID, but in adults with cerebral palsy it was found that people with high 
physical strain during walking at their preferred walking speed were likely to walk less in their daily life 
(Slaman et al., 2013). If this also holds true for people with ID, this is an important aspect to take into 
account when developing and implementing interventions to increase physical activity in this population. 
 Because gait characteristics influence the energetic cost of walking, and gait can be considered a 
marker of global health with disturbances in gait predicting future disability, falls, cognitive impairment, 
institutionalization, and mortality in the general population (Abellan van Kan et al., 2009; cLord et al., 
2013; Verghese et al., 2006; Verghese et al., 2007), it is important to investigate how gait can be 
improved in people with ID. It has been found that people with ID have low physical activity and physical 
fitness levels across the lifespan (Golubovic, Maksimovic, Golubovic, & Glumbic, 2012; Hilgenkamp, Reis, 
et al., 2012; Hilgenkamp, van Wijck, et al., 2012; Lahtinen, Rintala, & Malin, 2007; Oppewal et al., 2013; 
Salaun & Berthouze-Aranda, 2012; Temple et al., 2006) which could influence their gait. Being inactive 
and less fit from a young age, along with a cognitive impairment, limits the opportunities to develop motor 
skills, which can be seen in less developed locomotor skills and a later onset of walking in people with ID 
(Enkelaar et al., 2012; Hartman et al., 2010; Rintala & Loovis, 2013). Creating a learning environment to 
stimulate motor development may be beneficial for improving gait of people with ID. Physical fitness and 
exercise have been found to be related to multiple health and functional components (Bartlo & Klein, 
2011; Oppewal, Hilgenkamp, van Wijck, Schoufour, & Evenhuis, 2014, 2015; Ringenbach et al., 2016; 
van Schijndel-Speet, Evenhuis, van Wijck, van Montfort, & Echteld, 2016), and exercise programs may 
also be effective in improving gait in people with ID. However, this has barely been studied in this 
population. One recent study found that an 8-week balance exercise program (twice a week, 40-min 
sessions) was effective in improving gait characteristics with an increase in velocity, step length, stride 
length, and a decrease cadence, step time and stride time children with mild ID (15.2 SD 2.2 years) (Lee, 
Lee, Shin, Shin, & Song, 2014). Treadmill training has also been found to improve gait in people with DS, 
and to produce a faster onset of walking and an improved walking pattern in infants with DS (Enkelaar et 
al., 2012). Additional research regarding interventions to improve gait in adults with ID is needed. In 
addition, research regarding the association between physical fitness and gait characteristics is needed to 
identify which physical fitness components could be most important to train with regard to improving gait. 
 This study was one of the first studies to assess gait characteristics in adults with ID by other 
causes than DS. A strong aspect of this study is the large amount of gait variables investigated. However, 
this study had some limitations. Due to the small sample size, heterogeneous sample, and the limited 
number of females, the results may not be representative for the targeted population of adults with ID. In 
addition, this study sample only included participants that received care from a care organization and 
lived in the central settings of these organizations. By providing important participant characteristics that 
may influence gait, we tried to facilitate the interpretation of these results and comparison against future 
studies. The small sample size may have also resulted in a low statistical power to find significant 
associations. Therefore, effect sizes were also presented to give insight in the magnitude of the effect of 
age, sex, BMI, and level of ID on the gait characteristics. 
 In conclusion, this study provided an overview of gait characteristics of adults with ID from other 
causes than DS. Some sex differences and significant associations with BMI were seen, but age and 
level of ID were not associated with gait. To understand the impact of the gait characteristics of adults 
with ID future studies should focus on the relation between gait characteristics and negative health 
outcomes in adults with ID, such as higher energy expenditure, falls, and future disability. 
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Table 1. Description of the gait parameters. 
Spatial parameters Definition Indication of worse gait a 
Step length Distance between the heel centers of two 
consecutive opposite footprints on the line 
of progression (in cm). 
lower 
Stride length Distance between the heel centers of two 
consecutive footprints of the same foot on 
the line of progression (in cm). 
lower 
Base of support Distance from the heel center of one 
footprint to the line of progression formed 
by the heel centers of two opposite 
footprints (in cm). 
either side of the optimum 
on the parabolic curve 
Toe In/ Toe Out Angle between the midline of the footprint 
and the line of progression (in degrees). 
Positive when toe-out, and negative when 
toe-in. 
higher (both positive and 
negative) 
Temporal parameters   
Velocity Distance traveled divided by ambulation 
time (in cm/sec). 
lower 
Stride velocity Stride length divided by stride time (in 
cm/sec). 
lower 
Cadence Number of steps/minute lower 
Step time Time elapsed between first contact of one 
foot and first contact of the opposite foot (in 
sec).  
either side of the optimum 
on the parabolic curve 
Stride time (gait cycle) Time elapsed between the first contacts of 
two consecutive footfalls of the same foot 
(in sec). 
either side of the optimum 
on the parabolic curve 
Stance time Time elapsed between the first contact and 
last contact of two consecutive footfalls on 
the same foot (in sec). It is initiated by heel 
contact and ends with toe off of the same 
foot. 
either side of the optimum 
on the parabolic curve 
Swing time Time elapsed between the last contact of 
the current footfall and the first contact of 
the next footfall of the same foot (in sec). 
either side of the optimum 
on the parabolic curve 
Single support time Time elapsed between the last contact of 
the opposite foot and the first contact of the 
next footfall of the opposite foot (in sec). 
either side of the optimum 
on the parabolic curve 
Double support time Amount of time that two feet are on the 
ground at the same time within one footfall 
(in sec). 
either side of the optimum 
on the parabolic curve 
Phasic parameters   
Stance, % GC Stance time as a percentage of the gait 
cycle time (in %). 
either side of the optimum 
on the parabolic curve 
Swing, %GC Swing time as a percentage of the gait 
cycle time (in %). 
either side of the optimum 
on the parabolic curve 
Single support, %GC Single support time as a percentage of the 
gait cycle time (in %). 
either side of the optimum 
on the parabolic curve 
Double support, %GC Double support time as a percentage of the 
gait cycle time (in %). 
either side of the optimum 
on the parabolic curve 
Variability parameters   
Step length SD Standard deviation in step length (in cm) higher 
Stride length SD Standard deviation in stride length (in cm) higher 
Base of support SD Standard deviation in base of support (in 
cm) 
higher 
Stride time SD Standard deviation in stride time (in sec) higher 
Stride velocity SD Standard deviation in stride velocity (in 
cm/s) 
higher 
Step time SD Standard deviation in step time (in sec) higher 
Stance time SD Standard deviation in stance time (in sec) higher 
Swing time SD Standard deviation in swing time (in sec) higher 
Single support time SD Standard deviation in single support time (in 
sec) 
higher 
Double support time SD Standard deviation in single support time (in 
sec) 
higher 
SD = Standard deviation; %GC = percentage of the gait cycle. 
a  = Indications for worse gait. ‘Lower’ means that lower values are considered worse gait, and ‘higher’ 
means that higher values are considered worse gait. 
 
  
Table 2. Personal characteristics and medical information of the study sample. 
  Total study sample 
(N = 31) 
Personal characteristics   
Age Years, m ± sd, range 42.77 ± 16.70, 20 – 68 
Sex Female, n (%) 7 (22.6%) 
 Male, n (%) 24 (77.4%) 
Level of ID Mild, n (%) 15 (48.4%) 
 Moderate, n (%) 16 (51.6%) 
Height cm, m ± sd 170.18 ± 9.22 
Weight kg, m ± sd 78.97 ± 14.81 
BMI kg/m2, m ± sd 27.24 ± 4.51 
 Normal, n (%) 9 (29.0%) 
 Overweight, n (%) 15 (48.4%) 
 Obese, n (%) 7 (22.6%) 
Medical information   
Genetic syndrome No genetic syndrome, n (%) 9 (29.0%) 
 PKU, n (%) 1 (3.2%) 
 Mosaic mutation XLIS gene, n 
(%) 
1 (3.2%) 
 Smith-Magenis syndrome, n (%) 1 (3.2%) 
 Williams syndrome, n (%) 1 (3.2%) 
 Perlman syndrome, n (%) 1 (3.2%) 
 Unknown, n (%) 17 (54.8%) 
Osteoarthritis Yes, n (%) 4 (12.9%) 
Visual impairmentsa Yes, n (%) 4 (12.9%) 
Spasticity arms Yes, n (%) 0 
Spasticity legs Yes, n (%) 1 (3.2%) 
Orthopedic shoes Yes, n (%) 6 (19.4%) 
Medication use   
Antidepressants Yes, n (%) 6 (19.4%) 
 No, n (%) 25 (80.6%) 
Antipsychotics Yes, n (%) 15 (48.4%) 
 No, n (%) 16 (51.6%) 
Antiepileptics Yes, n (%) 3 (9.7%) 
 No, n (%) 28 (90.3%) 
Benzodiazepines Yes, n (%) 6 (19.4%) 
 No, n (%) 25 (80.6%) 
Polypharmacy (≥5 medications) Yes, n (%) 13 (41.9%) 
 No, n (%) 18 (58.1%) 
n = number of participants; m = mean; sd = standard deviation; ID = intellectual disability; 
SPPB = Short Physical Performance Battery. 
a = participants with a visual impairment but still with a vision > 0.3. 
 
  
Table 3. Results of the gait parameters while walking at comfortable speed. 
 M (SD) 95% CI 
Spatial parameters    
Step length (cm) 65.28 ± 10.14 [61.56, 69.0] 
Stride length (cm) 130.88 ± 20.25 [123.45, 138.31] 
Base of support (cm) 11.88 ± 3.51 [10.59, 13.17] 
Toe in/ Toe out (degrees) 7.06 ± 7.17 [4.43, 9.69] 
Temporal parameters   
Velocity (cm/sec) 118.36 ± 23.43 [109.76, 126.95] 
Stride velocity (cm/sec) 118.98 ± 23.47 [110.37, 127.59] 
Cadence (steps/min) 108.36 ± 10.19 [104.62, 112.10] 
Step time (sec) 0.56 ± 0.05 [0.54, 0.58] 
Stride (cycle) time (sec) 1.12 ± 0.11 [1.08, 1.15] 
Stance time (sec) 0.66 ± 0.08 [0.63, 0.69] 
Swing time (sec) 0.46 ± 0.04 [0.44, 0.47] 
Single support time (sec) 0.46 ± 0.04 [0.44, 0.47] 
Double support time (sec) 0.20 ± 0.06 [0.18, 0.22] 
Phasic parameters   
Stance, %GC 58.97 ± 1.99 [58.24, 59.70] 
Swing, %GC 41.03 ± 1.99 [40.30, 41.76] 
Single support, %GC 41.03 ± 1.99 [40.30, 41.76] 
Double support, %GC 18.08 ± 4.08 [16.58, 19.57] 
Variability parameters   
Step length SD 2.99 ± 0.89 [2.66, 3.32] 
Stride length SD 5.29 ± 1.90  [4.59, 5.99] 
Base of support SD 2.51 ± 1.07 [2.12, 2.91] 
Stride velocity SD 7.07 ± 2.84 [6.03, 8.11] 
Step time SD 0.02 ± 0.01 [0.02, 0.03] 
Stride time SD 0.04 ± 0.02 [0.03, 0.04] 
Stance time SD 0.03 ± 0.01 [0.026, 0.034] 
Swing time SD 0.02 ± 0.01 [0.02, 0.03] 
Single support time SD 0.02 ± 0.01 [0.02, 0.03] 
Double support time SD 0.03 ± 0.02 [0.02, 0.03] 
m = mean; sd = standard deviation; CI = confidence interval; % GC = percentage of the gait cycle. 
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Table 4. Effect sizes of the comparisons between age, sex, and level of ID with the gait parameters. 
 Sexc 
(d) 
Effect 
categorya 
Level of IDd 
 (d) 
Effect 
categorya 
Age 
(r) 
Effect 
categoryb 
BMI 
(r) 
Effect 
categoryb 
Spatial parameters 
Step length (cm) 0.60 medium 0.50 medium -0.27 small -0.11 small 
Stride length (cm) 0.59 medium 0.49 small -0.27 small -0.12 small 
Base of support (cm) -0.29 small -0.19 small 0.28 small 0.20 small 
Toe in/ Toe out (degrees) 0.44 small -0.02 small 0.15 small -0.14 small 
Temporal parameters 
Velocity (cm/sec) 0.45 small 0.31 small -0.22 small -0.19 small 
Stride velocity (cm/sec) 0.44 small 0.30 small -0.22 small -0.19 small 
Cadence (steps/min) -0.61 medium -0.14 small -0.12 small -0.14 small 
Step time (sec) -0.68 medium 0 small 0.03 small 0.27 small 
Stride (cycle) time (sec) -0.62 medium 0 small 0.03 small 0.27 small 
Stance time (sec) -0.74 medium 0.10 small 0.08 small 0.42* medium 
Swing time (sec) -0.50 medium -0.16 small -0.06 small -0.01 small 
Single support time (sec) -0.50 medium -0.16 small -0.06 small -0.01 small 
Double support time (sec) -0.81 large 0.31 small 0.19 small 0.67** large 
Phasic parameters 
Stance, %GC -1.40 large* 0.05 small 0 small 0.42* medium 
Swing, %GC -0.53 medium -0.27 small -0.19 small -0.28 small 
Single support, %GC -0.52 medium -0.28 small -0.18 small -0.28 small 
Double support, %GC -0.98 large* 0.40 small 0.19 small 0.73** large 
Variability parameters 
Step length SD -0.31 small -0.18 small 0.17 small 0.02 small 
Stride length SD -0.25 small -0.04 small 0.12 small 0.08 small 
Base of support SD -0.04 small -0.59 medium 0.21 small -0.07 small 
Stride velocity SD 0.44 small 0.02 small -0.08 small 0.05 small 
Step time SD -2.04 large** 0 small 0.06 small 0.28 small 
Stride time SD -1.18 large* 0 small 0.08 small 0.21 small 
Stance time SD -0.79 large 0 small 0.23 small 0.24 small 
Swing time SD -1.04 large* 0 small 0.23 small 0.17 small 
Single support time SD -1.04 large* 0 small 0.23 small 0.17 small 
Double support time SD -0.60 medium 0 small 0.13 small 0.45* medium 
ID = intellectual disability; d = Cohen’s d as effect size; r = Pearson’s correlation coefficient as effect size. 
a small (0.2), medium (0.5), large (0.8) effect; b small (0.1), medium (0.3), large (0.5) effect. 
c positive effect size means that males have a higher mean value of the specific parameter than females. 
d positive effect size means that adults mild ID have a higher mean value of the specific parameter than adults with moderate ID. 
* p < 0.05;** p < 0.002 
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